This research work was conducted to investigate the impact of critical processing conditions on the selected mechanical properties of maize in the production of fermented ogi slurry. Five varieties of maize (A4W, C3Y, D8W, B2Y, and E9W) were soaked at 28 º C and average hot soaking at 65 º C, respectively, for 96 h at 12-h interval. Selected mechanical properties were evaluated based on a 5 × 2 × 9 factorial design (varieties× soaking methods× soaking periods). Force (FB) and energy required to break (EB) maize grains decreased significantly (p < 0.05) up to the 12th hour. The EB reduced from 873.3 to 70.0 N mm and from 873.3 to 77.8 N mm for variety E9W at soaking conditions of 28 º C and 65 º C, respectively. Similar trends were observed for other maize varieties. Modulus of elasticity and resilience decreased significantly (p < 0.05) with increase in soaking period and moisture content. The EB to break maize grains was directly proportional to the product of Young's modulus and area (E m A 1.5 ), the FB and area (F m A°. 5 ) and force required to break and geometric mean diameter (F D g 2 ) of maize grains with a high R 2 (0.9610.999). This study suggested that the duration of soaking between 12 and 24 h should be enough to significantly (p > 0.05) reduce the hardness, force, and energy required to break whole maize grains in the production of this fermented product and relevant for predicting minimum required energy for a large-scale operation.
Introduction
Ogi is one of the products widely produced from maize in Nigeria,West Africa, and other parts of Africa. Its production involved principally soaking and sedimentation between 24-72 and 24 h, respectively. [1, 2] Studies covering some areas, directly or indirectly linked with ogi production, are abundant in literature. Past reported research works include fermentation process, traditional, modern methods of production, nutritional potentials, chemical composition, social status, and fortification. [1] [2] [3] [4] [5] Inyang and Idoko [4] reported findings based on the assessment of ogi quality from malted millet. Drying and rheological properties of ogi were investigated by Adeniji and Potter [5] and Akanbi et al. [3] while storage studies were carried out by some researchers.
many cases, sugar, milk, and beverages are usually mixed with pap produced from ogi. "Agidi" (a stiff or thick gruel produced from ogi) is usually eaten with soup, "akara", and "moinmoin" (product from mixture of cowpea paste, pepper, condiments, palm oil, or vegetable oil and sometimes with egg or fish). Also, there is usually 12-24 h subsequent sedimentation, and this aids further fermentation of sieved "Ogi" slurry. This should take care of consumers who desire tartness. The fact that products processed from ogi slurry are often consumed with various supplements suggest that hardness reduction, is the primary reason for soaking. Three days and more are reported in the literature [1, 2, 4, 6] for this soaking process. This is attempted with an intention to absorb enough water and reduce the grain hardness. The lengthy soaking period may be unnecessary in order to reduce the hardness of grains. However, there is scarcity of information in the literature to suggest this, and thus, the focus of this work.
Grain hardness, which is the resistant to permanent deformation, was seriously implicated as the important factor expected to significantly affect power consumption during milling. [7, 8] It was described as the extent of endosperm packing. [7] Hardness may be connected with biochemical interaction between endosperm, storage proteins, and starch granules. [8, 9] Several methods were employed in the determination of hardness of agricultural produce. Single-kernel compression instrument equipped with a semiautomated grain feeder was used to crush grains. [9, 10] Eckhoff et al. [11] evaluated hardness by shearing individual kernels and recording the associated force breakage curves. Obuchowski and Bushuk [12] determined wheat hardness with the use of abrasive. Stenvert [13] used a Buhler experimental mill to obtain flour and related hardness to the percentage of starch damage. The speed reduction of a mill during grinding was used to determine wheat hardness. [14] Pomeranz and Williams [15] reported that some environmental factors have tendencies to affect grains hardness. Soil type, planting type, irrigation, fertiliser, cultivation practice, growing season, precipitation and temperature during maturation, protein content, moisture, and kernel size were reported factors that may affect grains hardness. [15] [16] [17] Glenn et al. [17] reported the effect of water on the mechanical properties of endosperm. These mechanical properties of food materials may be a heritable trait (16,17,) . Cereal grains hardness was reported to have been influenced by kernel protein, vitreousness of grain, size, water-soluble pentosans, moisture content, and lipid content. [8, 14, 17, 18, 19] The need to encourage large-scale production of fermented foods derived from cereal is becoming necessary in African countries for a number of reasons like population increase and increase in working-class mothers. The commercial and industrialisation will inevitably call for standardisation of the process. In large production of ogi, changes of important engineering parameters which application may be relevant in influencing the energy and time reduction as well as design of effective handling equipment need to be investigated. Majority of the research work on physical and engineering properties of agricultural materials did not attempt the evaluation of these parameters at long soaking period and processing conditions attempted in this work. [19] ***
Material and methods
Five varieties of dried maize grains, A4W (TZL COM4), C3Y(ACR9931DMRSRY)), D8W(ACR 89 DMR W), B2Y (BR 9928DMRSRY), and E9W (ACR97COM1), were selected based on consistent availability, mild downy, and streak resistance. [20] The "W" and "Y" represent white and yellow maize grains, respectively.
[21] *** These were obtained from IITA for this study. These maize varieties were soaked for 12, 24, 36, 48, 60, 72, 84, and 96 h. This was within the range reported in the literature for production of ogi. [2, 3, 6] Soaking methods of ambient temperature (28ºC) and average temperature of 65ºC (boiled water which later equilibrate with the ambient temperature after 4 h). were employed in accordance to major practice in the production of ogi.
Moisture content and testometric test compression test
The compression test was performed by a testometric universal testing machine (UTM), model Test metric AXM500-25KN. The machine was controlled by a microcomputer. Test results and graphs were automatically generated. The machine was programmed to determine six mechanical properties of the maize seed (peak force, deflection, peak stress, and energy required to fracture maize seed). The maize seeds were randomly compressed by the UTM 50mm/min. The load-deformation curves obtained at each loading orientation and moisture level/soaking period for each variety of maize were analysed for modulus of elasticity, compressive strength, and rapture strength using quations 1, 2, 3, and 4, respectively. [22] The measurement accuracy was ±0.001 N in force and 0.001 mm in deformation. The individual seed was loaded between two parallel plates of the machine and compressed at the preset condition until rupture occurred as denoted by a bio-yield point in the force-deformation curve. The values of all the 40 tests for each maize varieties at respective soaking period and methods were analysed and the average values were reported.
where σ is the stress, F is the force required to break, is the area of the grain, L is the length, w is the width, and 2 is the strain
where d (mm) is the displacement of the crosshead. Toughness (T h ), is the ratio of energy absorbed (E b ) by the maize seeds to the rupture point to the volume of the seed was calculated from the formula in Equation (5):
Hardness (H d ) was calculated by dividing the average rupture force for each maize varieties at varying soaking period and methods by the respective geometric mean diameter (D g ) as shown in Equation (6)
Data analysis
The data obtained were subjected to statistical analysis using SPSS 16. Analysis of variance was determined and where significant difference existed, Duncan multiple range test was conducted to separate the means. Graphical presentation, regression analysis, interaction effect, and model fits were conducted with the aid of sigma plot version 10.
Results and discussion

Mechanical properties
The result of the maximum force required to break the unsoaked and soaked maize grains is as shown in Figure 1 . The amount of water absorbed was obviously responsible for the noticeable decrease in maximum force required to break. However, the result showed that the water saturation point of these individual maize varieties may not be necessary to keep reducing the force to fracture significantly (p > 0.05). There was a significant reduction of the force to fracture (p < 0.05) for all the maize varieties up to the 12 th hour of soaking. The result observed showed that there was consistent reduction in mechanical resistance with increase in the amount of water and these were consistent with the observation of other researchers. [23] The initial force to fracture maize varieties were 758.38, 905.22, 831.63, 700.49, and 743.87 N for maize varieties, E9W, D8W,C3Y, B2Y, and A4W, respectively. The force to fracture in this study for all the maize varieties before and after soaking were all greater than the rupture force obtained by Sirisomboom et al. [23] There was significant difference (p < 0.05) between the mean force to fracture the unsoaked maize of all the varieties and soaked maize at all the soaking periods. However, there was no significant difference (p > 0.05) between maize soaked at ambient temperature (28 ºC) and maize soaked at average temperature of 65ºC. Exponential linear combination fits the relationship between the maximum force required to break the maize grains and the soaking time with high R 2 . The mathematical expression is as shown in Equation (7), where, F m is the maximum force to break, t is the soaking period, a, b, and c are constants which may be linked to intrinsic factors. The value obtained for the mechanical hardness of maize grain soaked at different soaking method and period is as shown in Figure 2 and follows a similar trend of force required to break. The result revealed that maize variety D8W had the highest hardness value which was significantly different (p < 0.05) when compared with unsoaked maize grains. This decreased significantly up to the 12 th hour of soaking. There was a linear reduction in the hardness for all the maize varieties with increase in soaking period. According to Henry and Cowe, [24] the hardness of cereal grains may be affected by the structure and position of the endosperm. These factors may indirectly and significantly affect milling and some other unit operations. [25] 
The energy required to break maize grains as shown in Figure 3 The values obtained in this work were relatively lower compared with Sirisomboon et al. [23] and values obtained for calcium-induced egg albumen-flour composite gGel. [26] The predicted energy required to fracture a kilogram of soaked maize grain reduced from 3.34-0.21 kJ/kg and 3.13-0.22-kJ/kg, 3.29-0.29 and 3.35kJ/kg, 3.54-0.33kJ/kg and 3.32-2.52kJ/kg, 2.99 -0.23 and 3.05-0.29kJ/kg, 3.51-0.35kJ/kg and 3.29-0.29kJ/kg (2 decimal points) for maize varieties of E9W, A4W, B2Y,C3Y, and D8W soaked at ambient temperature (28ºC) and 65ºC, respectively. This is as shown in Figure 4 . However, this does not indicate energy consumption during milling to achieve the usual particle sizes in the production of ogi. An exponential linear combination model best fits the energy required to break the maize grains and the soaking time as shown in Equations (8) and (9) .
The rupture stress for unsoaked maize for these five varieties are shown in Table 1 . The least value was recorded for E9W. There was no subsequent significant difference (p > 0.05) in values obtained for soaking beyond the 12 th hour for the maize varieties. The rupture stress (N/mm 2 ) obtained in this study were lower compared with the values obtained for calcium-induced egg albumen-flour which ranged from 35.69 to 49.08 KPa. [26] There was no significant difference (p > 0.05) in strain for all the maize varieties at soaking period between 12 and 96 h. The values ranged from 0.22% to 31% for variety D8W for both soaking methods, while 0.19-0.32 and 0.22-0.40 for B2Y and E9W, respectively.
The modulus of elasticity is as shown in Table 2 . The values obtained for unsoaked maize were 14696.72, 21860, 12349.42, 13979.66, and 10248.17 Nmm 2 for D8W, B2Y, E9W, C3Y, and A4W, respectively. The result revealed that soaking had a reducing effect on the modulus of elasticity. There was a significant reduction in modulus of elasticity between unsoaked and soaked maize grain up to the 12 th hour. There was no significant effect (p > 0.05) in the modulus of elasticity between soaking conditions employed. However, the result of modulus of elasticity for unsoaked maize implies tha, the maize variety B2Y will offer a greater resistance to fracture compared with other maize varieties followed by D8W, E9W, C3Y, and A4W. [26] [27] [28] The modulus of elasticity decreased subsequently with increase in soaking time. The decrease was, however, non-linear. All the maize grains soaked and unsoaked can be said to present a lower ability to resist force during compression compared with findings of some researchers. [26] [27] [28] [29] According to Khodabakhshian, [27] knowledge of apparent elastic properties and elastic modulus of agricultural materials are useful in predicting load-deformation behaviour. The energy absorbed by maize decreased with increase in moisture of the maize grain as shown in 
Mathematical expression and interaction effect
Dimensional analysis was applied to establish the relationship between force and energy required to break maize grains and some physical properties. The relationship of force and energy to geometric mean diameter, area, and young modulus was selected based on the high coefficient of determinations (R 2 ), low χ 2 , and root-mean-square error. The mathematical expressions are as presented in Equations 8-10,where E b is the energy required to break, F m is the maximum force required to break, E m , A, and D g are modulus of elasticity, area, and geometric mean diameter of maize grains, respectively. These mathematical expressions may find application in determining the individual energy required to break maize grains. The interaction effect of force required to break, moisture content and soaking period and force needed to break, moisture content, and geometric mean diameter are as shown in Figure 5a ,5b,6a and 6b, respectively. They are quadratic equations and are shown in Equations (11) and (12), respectively. F m is the force required to break, m c , t s , and D g are moisture content of grains, soaking period, and geometric mean diameter, respectively. These expressions may be relevant in computing the force and energy required to break a maize grain considering selected processing conditions.
' According to Tarighi et al., [28] the basic concept of studying the engineering properties in food processes is with the aim of designing process, equipment, standardising, and controlling processes to produce food products with specific properties without betraying safety and quality, at reduced time and energy. These mechanical properties are often relevant during the designs, improvement, and optimization of food processes [28] . According to Kerdpiboon et al., [29] , the properties of food materials depend on the nature of product and moisture content. Water absorption characteristics which had been connected with hardness were reported to be dependent on grain geometric size, shapes, and physical structure. [30] Eckhoff et al. [11] reported significant differences in peak force of both soft and hard wheat caused by differences in moisture content at levels of 9%, 11%, and 13%, respectively. Saravacos [31] stated that mechanical compression always reduces the porosity, which subsequently leads to reduction in the effective moisture diffusivity. The water absorbed was obviously responsible for the noticeable decrease in mechanical properties and relationship as revealed in the mathematical expression in Equations 7-12. These mechanical properties also strongly depend on the structure of the material at different levels, including their volume expansion. [25] [26] [27] [28] The major determinants of softness and hardness were linked with particle size index [32] and density of gains. [33] According to Armstrong et al., [33] hardness is often used to reflect the ratio of hard (corneous or vitreous) to soft (starchy) endosperm. [34] This may have contributed to the overall hardness of the maize grains.
The interaction effect between carbohydrates and proteins was reported to strongly influence the processing quality of flour after milling and is closely related with the hardness of endosperm. [35] Density and composition of the material, turgor pressure of cells, cell adhesion, and mode of fracture have been found to affect the mechanical properties of food materials. [36] Additionally, the shell thickness and shell ratio content in seeds may have effect on the rupture force, as observed in sunflower seeds. [37] Mechanical properties can be affected by cell turgor, cell bonding force, cell wall resistance to compression or tensile forces, density of cell packaging, sample size and shape, temperature and strain rate. [38] Penetration of external solutes or solution and physiological cell alteration due to the occurrence of chemical and biochemical reactions may provoke changes in mechanical properties. [38] The increase in water content was definitely responsible for the interaction effects in Figures 5a, 5b, 6a and 6b, respectively. They were responsible for the grain extensibility (ultimate strain). [37, 38] According to Bargale et al., [39] maximum compressive stress for wheat and canola decreased linearly with an increase in moisture content. The degree of hardness of grain has been linked with the anatomy, structure, and mechanical properties of individual parts of grains. [37] [38] [39] Conclusively, Zdunek et al. [40] reported that high turgor may cause high cell wall tension for biological materials, thereby provoke higher resistance to mechanical handling. 
Conclusion
This study showed that the duration of soaking beyond 12 h irrespective of the soaking method did not have a significant reduction (p > 0.05) on the hardness, maximum force required to break, modulus of elasticity, and energy required to break wholesome maize grains. There was no significant effect (p > 0.05) of soaking carried out at high temperature of 65 º C on the mechanical properties of soaked maize grains compared with soaking done at ambient temperature of 28°C. Significant effect may have been recorded, if the temperature of boiled water were kept constant throughout the duration of soaking. Also, reliable mathematical expressions with high coefficient of determination between energy required to break (Joules) and soaking period, moisture content of grains, maximum force required to break, modulus of elasticity and hardness, and geometric mean diameter were established in this work.
